The application of two-dimensional J-resolved nuclear magnetic resonance spectroscopy to determine the structure of two bile metabolites isolated from rats injected interperitoneally with bromobenzene is described. The structures of the two molecules are obtained unambiguously from the proton-proton spin coupling constants. This paper discusses the fundamentals of the technique and demonstrates the resolution of small long-range coupling constants.
Introduction
The recent development of two-dimensional Fourier transform NMR techniques (1) (2) (3) (4) (5) has greatly extended the applicability of NMR to biological problems. The technique is capable of providing unique information leading to unambiguous spectral assignments for structural elucidation. Proton and carbon spin-spin coupling constants are probably the most informative NMR parameters available to deduce molecular connectivities. One of the better techniques for obtaining those coupling constants is two-dimensional J-resolved spectroscopy (6) . The advantage here is that the resolution of spin multiplets resulting from spin-spin coupling constants is significantly better than for coventional onedimensional NMR spectroscopy. The purpose of this paper is to demonstrate this feature in a biologically important system and to report the details of the structural determination of two recently isolated bile metabolites.
Injection of bromobenzene (500 mg/kg) into rats led to the presence in bile of two substances not present in the bile of control rats (7) . The-two metabolites could be separated and purified by high pressure liquid chromatography (HPLC). Furthermore, evidence was presented that suggested that both conjugates were formed via a bromobenzene epoxide. In the one-dimensional NMR spectra of these materials, the resolution of the multiplets was inadequate to allow determination of the coupling constants.
J-Resolved Spectroscopy
The free induction decay (FID) following a 900 pulse applied to the spin system decays as exp [-t/T2*], where T2* is a time constant whose value is usually determined by the inhomogeneity of the static Bo magnetic field.
Often T2* in not a fundamental property of the nuclear spins. The real spin-spin relaxation time constant T2 in liquids in much longer than the decay constant T2*, as confirmed by refocusing two pulse experiments (8) .
Hahn first showed in 1950 that spin echoes occur if two radio-frequence pulses, spaced by a delay t1/2, are applied to the spin system (9). The sequence, using a 900 pulse followed by a 1800 pulse is diagrammed in Figure 1 . The vector diagram picture, which depicts the behavior of the magnetization, has been discussed by various authors (10, 11 Figure 2 . Two metabolites were isolated as described previously (7) . The purpose of this study is to characterize the metabolites, determine their structure spectroscopically, and to demonstrate the biological application of the powerful 2D Fourier transform NMR method.
The one-dimensional spectra of the metabolites (labeled A and B in order of elution from the column) are presented in Figure 3 A typical result of the expansion of the olefinic region of the one-dimensional spectrum of metabolite B is shown in Figure 4 . The high field olefinic proton consists of four lines with some difficulty discernable fine structure. A 2D J resolved spectrum of the olefinic region of the metabolite B is given in Figure 5 . Projection onto the F2, axis will yield the analog of the one dimensional spectrum. This result will generally be of low resolution, since it is still limited by the magnetic field inhomogeneity. However, projecting a cross sectional region along the F1 axis will yield a spectrum whose resolution is not limited by field inhomogeneities. In the first example, in Figure 6 we show the projection of the high field olefinic resonance of metabolite B. The projection in Figure 6 is to be compared with the one-dimensional expanded spectrum of the same olefinic region in Figure  4 . It is clear that a remarkable improvement in the 6.3' 6.32 6.30 6.28 6.26 PPM resolution of the fine structure has been achieved. These results typify the amount of resolution enhancement that one may expect using two-dimensional J-resolved spectroscopy. From this projection we measure four coupling constants whose values are 9.8 Hz, 5.5 Hz, 0.9 Hz, and 0.9 Hz. In Figure 7 is a similar projection of the 4.38 ppm region. The procedure applied to metabolite A is identical. Projections of the 5.93 and 4.44 ppm regions of metabolite A are shown in Figures 8 and 9 , respectively. The application of two-dimensional J-resolved spectroscopy to the determination of the structure of biologically interesting molecules is clearly demonstrated. The technique is highly attractive because it permits resolving power to approach the fundamental limit set by the natural linewidths. The two-dimensional technique in general is going to have a major impact on the study of both structural and dynamic properties of molecules, both in vitro and in vivo.
